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Outline

e CPVin charm decays
e Recent BaBar results
e CPVinDt > K*Kn*
PRD 87, 052010 (2013)
L =476

« CPVinD*t -» KK, D} - KK, DF - Kdnrt
PRD 87, 052012 (2013)
L =469 !

 Recent Belle results

e Time-dependent analysis of D° - Kdmtm™
PRD 89, 091103 (2014)
L =921fb1

* Conclusions

(the use of charge conjugate reactions is implied thourough)
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CPV in charm sector

In the SM, CPV in processes involving charm hadrons
is expected to be small, at the level of 1073 or less

GIM and CKM suppression

m
Agp 1og# x 15 = 0(1073)
C

d,s,b

/

No top enhancement!

Any CPV signal is likely due to New Physics,
although sizeable long-distance effects might affect some SM predictions
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The BaBar experiment

The Babar detector was located at the interaction point of PEP Il at SLAC
Asymmetric eTe~ collider, mostly at /s ~ 10.58 GeV

Electromagnetic calorimeter (EMC):
6580 Csl(TI) crystals

Identification of charged particles
Separation K/r>2.50 up to 4 GeV/c

BaBar

PEP Il Delivered Luminosity: 553.48/fb
BaBar Recorded Luminosity: 531.43/fb
BaBar Recorded Y (4s): 432.89/fb
BaBar Recorded Y (3s): 30.23/fb
BaBar Recorded Y (2s): 14.45/fb
Off Peak Luminosity: 53.85/fb

500

( 1.5T solenoid ]

400

— Delivered Luminosity
Recorded Luminosity
Recorded Luminosity Y(4s)

Integrated Luminosity [fb"]

Recorded Luminosity Y(3s)
Recorded Luminosity Y(2s)
Off peak  emeeem
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Identification of
charged particles
Separation K/ir>2.5¢

up to 4 GeVic
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Reconstruction of deviated

Silicon Vertex charged particles tracks:

1

Tracker (SVT): momentum and angles 1
5 double layers | "“l”””
Reconstruction of decay vertex and @@ Q,QQ\ r@gﬂ, r&oﬂ) r&@ q,QQGD Q,Q(go ’L()é\ WQQQ}

tracks close to the IP Muon identification

[ Ldt~ 517 fb~! close to the Y(4S5), Y(25), Y(3S) peaks, 670 x 10° c¢ pairs
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Dalitz plot analysis of D - KTK ™

Singly Cabibbo-suppressed decays, uniquely sensitive to new physics
Probe gluonic penguin and chromomagnetic dipole operators

2N

O o
—_ E}K' d < < %}W

d < < d
Tree level diagram Penguin diagram
* * *
A 0. VCZVUS A x chUd7 CSVUS7 cbVUb

3-body decay allows the search for CP asymmetries in the Dalitz plot
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Event selection and signal reconstruction

* Two tracks consistent with K hypothesis

* pp(m) > 300 MeV/c, good track quality

* pp €[2.4,5.0] GeV/c, reject B background

 Background from misidentified D** — D%r*
removed

» Joint PDF for flight distance and p5™ help in
discriminating signal from background

20000 B T T T T T T T .I T T T T T T T B

0 MeV/c?)

150001

10000

Events / (1

5000/

228k D signal yield, 92% purity

B D |

Search for CPV with: 52 T 19 19

1. Acp integrated over the Dalitz plot m(K'K'1") GeV/c?

2. Acpin 4 Dalitz plot regions

3.  Comparison of binned D* Dalitz plot

4 Comparison of Legendre polynomial moment BaBar coll.
distributions for K*K~ and K~ systems PRD 87, 052010 (2013)

5. Comparison of parametrized fits to Dalitz plot L =476
(model-dependent)
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Acp in the Dalitz plot regions

\
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Dalitz plot region N(DT) [e(DD)[%]] N(D7) |e(D7)[%) Acp|%)]
(A) Below K~ (892)° 1882 £ 70 | 7.00 | 1859 +90 | 6.97 |—-07+1.6=+1.7
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L mean = 0.08+0.015
o=1.11+0.15

Model-independent searches for CPV
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Normalized residual analysis A =

e consistent with no CPV at 72% level
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Model-independent searches for CPV
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analysis:

Two body mass distributions m(K*K~) and m(K~n*) weighted by /(21 + 1) /4w P;(cos 0)
vl Wi (D*)-RW/ (D7)

) \/ai(l)Z(D+)+R20i(D2(D‘)
consistent with no CPV at 11% and 13% level

. with Wil the weighted ith mass bin,and 0 <[ < 7
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Model-dependent search for CPV

: : : . Resonance Fraction (%)
Fit to Dalitz plot using isobar model !
P g+ K*(892)° 21.15 + 0.20
Firstly to combined D+ datasets (no CPV) $(1020)  28.42 + 0.13
20 . 7 7 K (1430)° 25.32 + 2.24
o o —o) W & o000t NR 6.38 + 1.82
> L | & 2 7000f E 08 £+ 0.
8 | S o 1(800) 0 7.08 + 0.63
— [ & 5000F 3 ao(1450) 3.84 4+ 0.69
B L 10 & 4000F 4
=z | S 3000F 3 f0(980) 2.47 + 0.30
= Lop & Tooof fo(1370)  1.17 £ 0.21
i o 1 004706 08 1.0 12 1.4 1.6 1.8 2.0 (1680) 0.82 + 0.12
osh ey 1 . MK ) (GeVTie) K7 (1410) 0.47 £ 0.37
[ S - — & 2 . T i 1500)  0.36 + 0.08
10 1.5 2.0 25 3.0 Ry - fOE1320; 0.16 + 0.03
m2(K*K’) (GeV?/c?) 4B s az ' :
. A - f2(1270)  0.13 + 0.03
& 50000F 1 & 12000F 3 =
> : 13 : ; K3(1430)  0.06 + 0.02
= 40000:— 1 = IOOOO:— = —
2 om0 - 7 K*(1680) 0.05 + 0.16
3 200000 3 5 6o0of : fo(1710)  0.04 £ 0.03
g 1§ o0op £5(1525)  0.02 £ 0.01
- LJL/\ I T RO Sum 97.92 + 3.09
1.0 1.5 2.0 2.5 3.0 0406 08 1 121416 18 2
mA(K*K) (GeVZ/c?) m2(K =" (GeV3c?) g
5 i = 3 7 Resonances modeled with RBW
o R I B - e : :
AT T T T 2 7 f,(980) with an effective BW
= = = = 0
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Model-dependent search for CPV

: : Resonance rep (%) A (°)
A”OW CPV IN resonances W|th I_(*(SQQ)O 0. (FIXED) 0. (FIXED)
. . —+0.82 —+3.55
at Ieast 1% flt fractlon ?(1020) 0.3575 %2 4+ 0.60 7437520 £2.35
K;5(1430)°  —9.4072% +442  —6.117329 +£1.39
|M |2—|—M |2 D, NR —14.3011587 £ 598 —2.56759 +8.91
s r r S 5.0¢ :
rCP e > = A(PCP = ¢7‘ — ¢7‘ #(800) 2.001792 +£1.85 2107542 + 1.01
IMrl + |Mr| ao(1450)°  5.077580 +9.39 4.0075 06 +3.83
3 Az Ay
Xy = Mr COS ¢T-, YV = MT Sin ¢7‘ £o(980)  —0.199+0196 1 084 —0.231791%0 4 0.079
fo(1370)  0.01972949 4 0.022 —0.004570°237 + 0.016

CTT T T

D*/D- difference in data (points) and fit model (blue band): no evidence for CP violation
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Search for CPV in Dy = KJK*, D§ — Kdm™*
In the SM Ay expected to be dominated Eafaigg'&ﬁfi[) 87,052012
by CPV in K° — K9 mixing =

« KT andnm™ PID, pyr > 400 MeV/c
* pp €[2.6,5.0] GeV/c, pp, € [2.0,5.0] GeV/c
. KSO flight length > 3 X significance

Multivariate analysis to
further improve S/B
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Analysis of detector-induced asymmetries

A large sample of  and K tracks from BB events to estimate detector-induced asymmetries
Correction factors have been measured and applied to the signal

ratio

error
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Acp results and systematic errors
Dt - KK

D - KK

+ 0+
D¢ —» K¢m

& 3 i 2 &
$ A =(0134036)% | S0 | L&

2; R [ al

; 0 - OF B

- - - 5 1
5 = e '0-55 ——— E

O} s - E 10_

[ — 'lj | -
-1+ - ] 15

i (a) ] L5 ACP = (—0.05+ 0.23)% _QO,ACP = (0.6 + 2.0)%

0 02 04 06 08 1. 002 04 06 08 1. 02 04 06
Icos 4, lcos )]

Systematic uncertainty

Efficiency of PID selectors

Statistics of the control sample

Misidentified tracks in the control sample

cos 07, interval size

K°— K" regeneration

K2—K? interference

Total
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Final A.p results

D* - KYK* Df - KOK* D - Kon*
Acp value from the fit (40.155 4+ 0.360)% (0.00 £0.23)% (+0.6 + 2.0)%
Correction for the bias from toy MC experiments +0.013% —0.01% —
Correction for the bias in the PID selectors —0.05% —0.05% —0.05%
Correction for the K2 —K? interference (AAcp) +0.015% +0.014% —0.008%

Acp final value

(+0.13 + 0.36 + 0.25)%

(—0.05 + 0.23 + 0.24)%

(+0.6 &+ 2.0 + 0.3)%

Acp contribution from K°— K° mixing

(—0.332 & 0.006)%

(—0.332 £ 0.006)%

(+0.332 £ 0.006)%

Acp final value (charm only)

(+0.46 4 0.36 + 0.25)%

(+0.28 +0.23 + 0.24)%f(+0.3 £ 2.0 + 0.3)%

KO° produced, — sign

K° produced, + sign

e Results are compatible with SM expectations
* CPV dominated by Kaon mixing
* No evidence of CPV in the AC transitions
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The Belle experiment D

<O

The Belle detector was located at the interaction point at KEKB in Japan

7> 1200
S Belle I_Z_)Ag.t_e‘ctor
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Belle logged luminosity
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X
=
=

Csl(Tl) 16X, TotayJ
600

TOF counter

Integrated Luminosity (fb

8GeV e

e W 4 B , 400
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7 gt N, S smiall cell + He/C,H;
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%i A AT | NG ——
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Sivtx. det. S s

14/15 lyr. RPC+Fe

3 lyr. DSSD Year

[ Ldt~977 fb~ ! close to the Y(1S — 55) peaks, 1.3 x 10° c¢ pairs
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Mixing and CPV in D°

Mass eigenstates |D; ,) =

p|D°) + q|DO)

- Kdm™

ﬁ‘DO

e Tt dt

dl_'m
e Tt dt

A

2
x <|Af|2 |2

+2Re<g

p

2
«(|A—f|2+ >

+2Re(p

q

|A_f|2> coshT'yt + <|Af|

|Af|2> coshI'yt + <|

A_fA}'Z> sinh 'yt — 2Im <% Af> sin 'xt

AfAf) sinh'yt — 2Im (ZAfAf> sinI'xt /

|Af| ) cos%

|Af| ) cos I'xt

Am

Mixing parameters x = e

AT
2F

Mixing CPV |%‘ +1
Interference CPV arg% * 0
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Mixing and CPV in D° - Kdmtm™

Total amplitude parametrized as a sum of
guasi two-body resonant amplitudes (isobar model)

Af = Z a, e'PrA.(m%,m3?), Af = Z @ e'%rA.(m2,m2), m}=mi(Kn?)

r r

A time-dependent Dalitz plot analysis is
needed to extract mixing and CPV parameters

e Reconstruct D*t - DO}
* Flavor tagging by m¢ charge
e Background suppression
« DO proper decay time measurement

ldec Ppo Ppo
G50 ) e . = == — +
cBy Ppo’ p Mmoo e D* beamspot e
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Event selection

Ll Qsignal| 2 [ Clsignal
=Dp = 2.5 GeV @Y(4S), %105 region 5105? |:|Combina?orial
pp > 3.1 GeV @Y(55), @ S M signal

* Removed events with § "“E, region
poorly determined t "”104 :>j
e Cutson My and E
Q = Mp-—Mp — M,
1.82 1.84 1.86 1.88 1.9 1.92 15 20

2D fit to Mp and O, M (GeV/c?) Q (MeV)
Yield 1.2M, purity 96%

Signal region in |MD - M};DG| < 15 MeV
and Q € [5.75,5.95] MeV

L =977 fb—l BELLE
Belle coll. PRD 89, 091103(R) (2014)
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m2 (GeV?/c*)

Events/ 0.015GeV%c*)

3D analysis of D° - K{ntm™

Unbinned ML fit in (m,,m_,t)
Fit model with 16 resonances

Background estimated from sidebands:
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Random ;: Q sideband
Resolution function: 3 Gaussians
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¥ \ / o 200000 [ 1
[ e § o\
| ~
o . 11 " (1 S n L

m2 (GeV?/c*)

m?2 (GeV?/ch)

RBW

K matrix

LASS

\[

Resonance Amplitude Phase (deg) Fit fraction
K™*(892)~ 1.590 £ 0.003 131.8 +£0.2 0.6045
K3 (1430)~ 2.059 +0.010 —194.6 +1.7  0.0702
K3(1430)~ 1.150 £0.009 —41.5+04 0.0221
K*(1410)~ 0.496 +0.011 83.4+0.9 0.0026
K™*(1680)~ 1.556 +0.097 —83.2+1.2 0.0016
K*(892)* 0.139 +£0.002 —42.1 +£0.7 0.0046
K§(1430)* 0.176 +0.007 —102.3 +2.1 0.0005
K3(1430)* 0.077 £0.007 —32.2+4.7 0.0001
K*(1410)* 0.248 +0.010 —145.7+2.9  0.0007
K*(1680)" 1.407 £ 0.053 86.1 + 2.7 0.0013
p(770) 1 (fixed) 0 (fixed) 0.2000
w(782) 0.0370 £ 0.0004 114.9 +0.6 0.0057
f2(1270) 1.300 +0.013 —31.6 +£0.5 0.0141
p(1450) 0.532 + 0.027 80.8 = 2.1 0.0012
T S-wave 0.1288
B 4.23 + 0.02 164.0 + 0.2
B2 10.90 + 0.02 15.6 £ 0.2
B3 374+ 0.3 3.3+04
Ba 14.7 + 0.1 —8.9+0.3

misd 12.76 +0.05 —161.1+0.3

proc 142402 —176.2+0.6

prod 100+ 0.5 —124.7+2.1
K7 S-wave Parameters
M(MeV /c?) 1461.7 + 0.8
'(MeV/c?) 268.3 + 1.1
F 0.4524 + 0.005
¢r(rad) 0.248 + 0.003
R 1(fixed)
dr(rad) 2.495 + 0.009
a(GeV/c™1) 0.172 + 0.006
r(GeV/c™1) —20.6 + 0.3
K™ (892) Parameters

M e+ (s02)(MeV/c?)  893.68 + 0.04

F;(o (892) (NIEV/Cz)

47.49 + 0.06
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D° > Kdntm~: results
(a,, ®,) consistent with (a7, ¢;): no CPV in decay, set Af = A_f in the fit

Fit type Parameter Fit result g i 10, no (I:PV
No CPV  x(%) 05640197005 000 = 0.01 |
y(%) 0.30 £ 0-15t8.8§ 1-8.82 g 0.005 :
CPV (%)  0.56 +0.193:04+0.06 2 - |
y(%) 0300155001400 o d
[ lq/pl 0. 90+8 §g+8 82+8 gg ] ; -0.005 |
arg(q/p)(°)  —64+11+£3%3 % . 20, CPV-1 20, n0 CPV
= -0.01 -0.005 0 0005 001 0 015
~§‘2105 Fit projection *

A Mixing significance at 2.50
Comb. bkg ™ No evidence for CPV

*++++++*++ Bty b ittt :
ittty P ittt T = (410.3 + 0.6) fs, to compare with
e e (1 T = (410.1 + 1.5) fs (PDG 2014)
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Conclusions

Charm CPV is a powerful tool to search BSM physics!

An overview of recent BaBar and Belle results has been

presented:

e CP asymmetries in SCS Dt — K*K 1™ decays at BaBar
using different approaches

» CPasymmetriesin D5y —» KSK* and Dff — Kon*
decays at BaBar

« Mixing and CPV parameters in D° — KSOT[+7T_ at Belle

e (for CPV search in D° — %r0 at Belle, see T. Nanut’s talk)

No evidence of CPV found so far

Thank you!
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Direct CPV at Belle/BaBar

D JHEP 1302, 098

<O

PRD 87, 052010 (2013) ETIE (2013)
\ Channel Luminosity (fb™1) Acp (%) Luminosity (fb™!) Acp (%)
DT - K"K 7™ 476 0.37+0.30 £ 0.15 - —
DT — KSK* 469 0.46 & 0.36 + 0.25 977 0.08 & 0.28 + 0.14
DI - K¢K™ 469 0.28 +£0.23 + 0.24 673 0.45 + 0.36 £ 0.22
/ D — KSx+ 469 0.3+20+0.3 673 5.12 & 2.50 + 0.33 ’\
PRD 87, 052012 (2013) PRL 104, 181602 (2010)

(contribution of CP asymmetry of Kg subtracted)
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HFAG averages on mixing/CPV

HFAG-charm . 1o

FPCP 2014 | : 20

:\? HFAG-charm
>

no CPV
1.2 Fpcp 2014 : ;

1

Arg(q/p) [deg.]

P

0.6

0.2

0

-0.2.

_0.4i_ S S .......

—>|||>.50 |: ||\i| 1 1 \i\ll 1
-06-04-02 0 0.2 04 06 08 1 1.2 0.6 0.8 1 1.2 1.4 1.6

x (%) lg/pl
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